It has been known that pollen growth (PG) shows a " mutual stimulation effect" when pollen is cultured in artificial liquid media.
The importance of calcium (Ca) in bringing about the mutual stimulation effect of pollen has been known for some time1~3' . It has been conceived that the mutual stimulation effect is due to an equilibration of water-soluble PG factors. Now, one of these is shown to be the Ca ion.. The percentage of germination and the length of pollen tubes increase proportionately to the number of pollen grains contained in a definite amount of medium'-3, . Therefore, sub-optimal concentrations of both Ca and its supplementary factors may bring about a cumulative effect, when tested in the culture containing a smaller number of pollen grains.
In fact, the Ca++ activity requires other cations (Mg++ and K+) for PG2, 4> .
The present paper deals with the effect of Ca ion (Ca) on PG in various angiosperm species, with specific difference in Ca++ response, and also with the requirement of other cations and water-soluble substance in exhibiting Ca++ action on PG.
Materials and Methods
Pollen from various angiosperm species was cultured in a few drops of growth media mounted on cover glass.
Each drop was approximately 1/50 ml in amount. The standard medium contained 10 % sucrose and 100 mg/l boric acid in distilledd water (designated as either "10: 100 " or "-Ca "). The Ca-supplemented medium contained Ca(N03)2. 4H2O (300 mg/l), MgSO4. 7H2O (200 mg/l) and KNO3 (100 mg/l), respectively, added to the medium "-Ca" (designated as " +Ca "). Whenever the addition of other compounds was necessary, they were put into these media. The cover glasses were kept in moist Petri dishes at 24° and the pollen was grown for several hours.
An average size of the pollen population inoculated in each medium was approximately 300 grains. The pH of the media was adjusted to 5.3 by either 1 N HC1 or 1 N KOH. Buffering agents were not used throughout, because of their possible effect on PG.
The pollen germination percentage was measured by random counting on 50 grains per drop, and the average tube length was estimated by counting 15 typical tubes per drop. The same treatment was repeated, so that 100 pollen grains were examined for germination and 30 grains for tube length.
Results
Pollen growth in the presence of Pollen of certain species, such as Mimosa pudica, Ornithogalum virens, and Zea mays did not germinate, unless Ca++ was present in the media.
In general, the addition of Ca+~-results in a doubling or much greater increase in the length of pollen tubes. Pollen growth at varying concentrations of Ca, Mg and K ions : Since the pollen germination in Ornithogalum virens is quite sensitive to Ca++ (Table 1) , this plant was used for the study of concentration effect of Cam+, Mg++ and K+. When any one of these ions was varied in concentration, the other two were kept constant. The effects of ion concentrations on pollen germination are shown in Table 2 . Table 2 shows that PG is enhanced nearly in parallel with an increased concentration of 3 cations, Ca++~ Mg++ and K+, and this is true below the concentration of 2500 mg/l.
The salt concentration greater than 10000 mg/l exerts rather inhibitory effect. The response in pollen tube elongation was more or less similar to that in pollen germination within these concentrations. A conspicuous difference was observed, however, when Ca++ was eliminated from the Ca-supplemented medium, in which both Mg++ and K+ were present.
No pollen germination occurred in cases where Ca++ was absent and the other two were present, whereas exclusion of either Mg++ The addition of Ca++ into these media completely abolished a toxic effect of other ions and substances.
The requirement of Mg++ and K+ for the Ca++ action could be replaced by other cation such as Mn++ and Co++, and also by various organic substances such as EDTA, tetracycline, ascorbic acid, mevalonic acid, gibberellic acid (GA) and 2-chloroethyl trimethylammonium chloride (CCC), etc. Also it has been found that Na, Li, Ba and Sr ions behave quite similar to both Mg++ and K+ in stimulating Ca++ activity5' . Pollen growth of different species at varied Ca++ concentrations : As can be seen from. Table 1 , pollen from many angiospermm species shows a conspicuous stimulationn effect of Ca++ on PG, particularly on pollen tube elongation. Since it has been known that the pollen from different species contains Ca++ at different levels (0.03-1.18% of the ash components) together with other watersoluble inorganic and organic matters necessary for the Ca++ actions' , an experiment was carried out to determine the difference in PG among a few species at varying Ca++ levels.
It was found that, among other species examined, Crinum asiaticum showed a remarkable promotion of tube growth by Ca, and that this species required higher levels of Ca++ for maximum growth, while the Ca++ effect was not so striking in the other species (Nerium oleander, Momordicct balsamina and Stemmadenia galeottiana> ----- (Fig. 1) .
Discussion
Since the discovery of the effect of boron on PG7', a considerable amount of information has been obtained on the physiology of PG in relation to nutritional requirements' . In connection with the Ca++ action it is interesting to note that certain cations such as Mn++9,10} and Co++11, stimulate PG. Whilst Ca++ was shown by Brink12' to promote PG in certain species, it was also observed that Ca++ was indifferent in other species. On the other hand, the Ca++ action in PG requires boron and sugars dissolved in water2' , and also one or more other cations2' . The present experiment has disclosed that PG in the Ca media is stimulated to a greater extent in the presence of Mg++ and K+, and that the same effect can be seen in PG in many different angiosperm species (Table 1 ). This strongly indicates that Ca++ plays an important role in PG. The biochemical studies by the present authors' has indicated that Ca++ is fixed into pectic moiety of pollen cell wall to increase rigidity, and also to adjust permeability, thus it prevents bursting of pollen and maintains a necessary osmotic balance within the cell. Although an intrinsic role of Mg++ and K+ in the Ca++ action is not clear, the results obtained by the present studies (Tables  2 and 3) indicate that Mg++ and K+ support the action of Ca++ in PG. From the assumption on the mode of Ca++ action previously described4 5) , it is surmised that the function and availability of Ca++ for the growth of pollen tube wall must be supported by Mg++ and K+. When the concentration of Mg++ and/or K+ was increased in the media containing a constant amount of Ca, the result was the same as that obtained by raising Ca++ content at a fixed concentration of both Mg++ and K+ ( Table  2 ). The role of Mg++ and K+ in the Ca++ action on pollen tube elongation is completely substituted by various water-soluble substances at certain low concentrations (Table 3 ). There is no specific chemical substance involved in replacing the function of Mg++ and K+.
As the number of pollen grains increases in a constant amount of liquid growth medium, the germination percentage and tube lengths proportionately increase. This is called "mutual stimulation effect The mutual stimulation effect is primarily due to an increased concentration of Ca++ when a great number of pollen grains are sown in culture2~. Therefore, in a large pollen population the required Ca++ may be sufficiently substituted by the same ions inherent to the population. It is known that pollen contains metallic elements such as Ca (0.29% of ash substance on an average), Mg (0.19%) and K (0.62%)6). Of course, the amount of these elements varies from species to species.
The relationship between pollen population size and germination percentage together with tube lengths varies from one species to another2~ ; this seems to indicate a probable difference in quantity of available Ca, Mg, K and Fother substances in pollen grains in individual species. Naturally the response of pollen to Ca++ itself differs from one species to another, as well (Fig. 1) . The effect of Ca++ presents a number of interesting questions on the problems of cell elongation, fertilization and incompatibility in plants.
Numerous studies have been carried out recently in connection with the role of Ca++ in PG5> . However, an ressential role of boron in relation to the Ca++ action is still open to further studies.
Summary
The effect of Ca++ on pollen germination and tube growth in various angiosperm species was studied in vitro culture in relation to other cations and water-soluble substances which enhanced the Ca++ action. 1) The Ca++ added to the standard culture medium containing boron and sucrose markedly promoted pollen germination and tube growth. In some cases, pollen of certain species failed to germinate in the absence of Ca++ in the media.
2) The effect of Ca++ on pollen growth was much improved by the addition of some other cations, such as Mg++ and K+.
3) In the presence of Ca++, the rate of pollen growth was increased by an increased level of Mg++ and/or K+, just as did an increased level of Ca++ when the level of Mg++ and K+ was kept constant.
The interaction between these cations seems to bring about an improved pollen growth.
4) The action of Mg++ and K+ in support of the Ca++ effect was replaced almost completely by other soluble inorganic and organic substances in lower concentrations. 5) The response of pollen growth to various levels of Ca++ differed greatly among the different species tested.
This showed that the pollen of certain species requires different amounts of Ca++ in the process of pollen growth. 
